Objective: To review and update the most relevant research dealing with the antioxidant properties of fruits which can be useful in Mediterranean and other healthy diets. Design: Personal perspectives and late data. Setting: International Results: The evaluation of total antioxidant capacity of fruits is of pivotal importance in assessing the nutritional attributes of these products. By means of specific breeding programmes, it is possible to select antioxidant-enriched fruit varieties. These features are susceptible to be improved through generations in order to release fruits with enhanced nutritional features. Conclusions: The availability of high quality and nutritionally enriched fruit at competitive costs may be a useful tool in the planning of healthy diets.
The consumer is continuously looking for a diet containing a large array of compounds that may function as antioxidants, including vitamins E and C, carotenoids, flavonoids and other phenolic compounds, and that may be helpful in the daily challenge against free radical and reactive oxygen species which are produced (often) physiologically by our tissues 1 . Consumers, in the last few years, have paid increasing attention to the health and nutritional aspects (vitamins contents, mineral elements, antioxidants, etc.) of horticultural products. A diet rich in fruits and vegetables, like the Mediterranean diet, offers protection against some common diseases, such as cardiovascular events, cancer and other age-related degenerative diseases 2 . Fruits have long been regarded as having considerable health benefits, particularly due to their antioxidant content, which is able to protect the human body against the cellular oxidation reactions 3, 4 . In recent years, epidemiological studies have demonstrated an inverse association between the intake of antioxidants from fruits and vegetables and the morbidity and mortality from stroke 5 , cardiovascular diseases 6 and cancer 7 -9 . The socio-economic and public health impact of all these pathologies is impressive and recently the consumer interest in 'healthy eating' has increased awareness about the importance of limiting and/or selecting the consumption of foods.
The greater consumption of fruit and vegetables can be considered as one way to increase the intake of antioxidants. A second choice can be the use of functional foods containing antioxidants and/or a limited consumption of specific and peculiar fruits, such as berries, which are extremely rich sources of compounds with antioxidant activity 10 . Therefore, the increase of antioxidant levels through breeding and/or biotech is an important option to support a higher antioxidant intake even when the consumption of fruit is low.
Therefore, basic investigation and breeding work has been deeply involved in improving the quality of fruits and in selecting new varieties characterised, on the one hand, by commercially high-quality products (according to the typical parameters of firmness, colour, soluble solid content and titratable acidity) and, on the other, by tasteful and highly nutritionally enriched fruits.
The current targets of agronomic research
In the last decades, agronomic research has set priorities to obtain high yield, better resistance to disease and to transport, as well as a longer shelf life of fruit. Thus, the breeding programme of fruit took into consideration the important objectives such as improving yield and fruit size, resistance to diseases and pests, adaptation to particular growing systems as well as harvesting speeds. In general, the quality of fruit is considered an extremely complex matter because it is difficult to describe objectively. Sensory aspects like shape and colour are almost exclusively limited to the appearance of the products, but nowadays firmness, total acid and sugar content and nutritional values are also considered o better characterise the fruit quality. Research is now focused on a concept of fruit quality, extended also to the improvement of the nutritional value.
Nutritional value can be identified by the content of specific (antioxidant) compounds, but the overall nutritional value could be better specified by analysing the total antioxidant potential which, in turn, could depend on the specific plant genotype (type of fruit, species and variety within species 11 ) and interactions of cultivation conditions (environmental and cultivation techniques). Other factors that may affect antioxidant properties include ripening season, preharvest environmental conditions, shelf life and processing.
In order to support new and complementary data to better characterise agronomic production and information to the consumer, a number of assays have been introduced in the past decade for determining both the contents of individual antioxidant molecules and the total antioxidant capacity (TAC) of fruit extracts. This latter parameter is extremely useful since TAC does not always depend directly upon antioxidant concentrations but considers the cumulative action and the synergistic interaction of all the antioxidants present in fruits giving the cumulative capacity of fruits to scavenge free radicals 12 . Whilst most of the TAC assays are hardly suitable for complex biological mixtures (like plasma or serum), and specific devices for avoiding masking features are required 13 , TAC evaluation of fruit extracts is usually easy, cheap, fast and reliable even using basic instrumentation available in all research laboratories worldwide 14 -17 and these properties account for the recent successes that such an approach has actually obtained both in basic research and in applied investigations.
What are 'bioactive components'?
The term 'bioactive components' is usually associated with 'functional foods' since the latter should contain the former in order to be efficacious for the improvement of consumers' health.
A general theory is emerging that 'bioactive components' in plants induce metabolic effects including functioning as antioxidants and switching on genes that eliminate carcinogens. Bioactive components are generally defined as compounds in foods that deliver a health benefit beyond basic nutrition (International Life Science Institute, 1999). Classical genetic, as well as transgenic, approaches are being used to increase the content of specific bioactive compounds of plants, but the ability to manipulate plant metabolism is often far ahead of our understanding of whether or how such bioactive components work. There is an increasing awareness that multiple genetic and environmental factors affect production and accumulation of bioactive compounds, but these factors are seldom taken into account when a functional food-fruit is marketed.
Antioxidants could actually be considered among the most important 'bioactive compounds' of a food. The increase in the level of antioxidants in plant foods through breeding is an important option to support a higher intake even with low fruit and vegetable consumption. This approach can succeed if the variability and heritability of the antioxidant trait is indicative that progress through breeding is feasible. Accordingly, the increase of consumption of healthier fruit is seen as an appropriate strategy for improving human health. The increase of fruit consumption is also strictly related to several factors, including fruit price, but mostly to consumer quality acceptance. As a consequence, the increase of consumer health is also strictly related to new released varieties with improved quality and antioxidant attributes.
Consumer quality acceptance is generally related to specific perceived quality attributes such as fruit shape, colour, but also sweetness, acidity, combined with aroma and flavour. Nowadays, these characteristics are the major topics of several breeding programmes and/or biotech now active on berries, and even if these quality attributes are controlled by a complex genetic background and frequently associated with negative agronomic characters, such as lesser fruit firmness, fruit size or productivity, some considerable progress has been achieved, particularly for the strawberry.
Strawberries as a nutritional tool for delivering antioxidants
The highest antioxidant potential of strawberries has been often proved 18 , but only recently it has been demonstrated that the high TAC of strawberries is strongly influenced by species and cultivar 11 : the wild species F. vesca has TAC values 2.5-fold higher than the average of the most common cultivated varieties (Fragaria x ananassa). Moreover, the variability detected among the cultivated new advanced selections highlighted an existing unexploited variability in the cultivated germ plasm. On this basis, well-focused breeding programmes have been applied in order to create new varieties specifically selected for improved antioxidant potential. With the aim to improve fruit antioxidant pattern in strawberries, we recently studied six families derived from cross combinations including wild parental plants also (F. virginiana glauca) ( Table 1) . It emerged that, probably because the most recent breeding programmes consider nutritional characters with a low priority, the genotypes rarely associate production efficiency and sensorial quality with the nutritional values of fruit (Fig. 1) . It often occurs that varieties characterised by high commercial parameters (expressed, for example, as sugar/acidity ratio) are not so efficient as far as antioxidant capacity is concerned.
It has also been demonstrated that the TAC levels of these strawberries directly depend on their total phenol contents (Fig. 2) . The study of quality and nutritional attributes in the offspring from each of the six families confirmed the variability of these traits and the importance of the parent combinations in their possible improvement (Fig. 3) . The results from local released varieties showed, for the first time, the importance of F. virginiana glauca genetic base in improving the nutritional quality of commercial strawberries, as already observed also for other characteristics, such as male fertility, fruit size and disease resistance.
The genetic base of the different parents used in different strawberry cross combinations has determined a concomitant improvement of both fruit commercial characteristics and TAC of the new populations (Fig. 3) ; this last feature is probably related to the increase of the total phenol contents of these fruits.
These results 19 can be considered of particular interest to better define the varieties and breeding evaluation strategies. Nowadays, these aspects are considered highly useful for the commercial valorisation of new varieties, but mostly to select new genotypes with high fruit nutritional quality combined with yield efficiency, which now corresponds with plant adaptability, production efficiency and fruit size.
Wild species such as F. virginiana glauca and F. vesca are good sources of bioactive compounds 11 , but in other berry species the introduction of the wild germ plasm did not improve the nutritional quality of fruit 20, 21 . Our results demonstrate that the use of genetic material from wild germ plasm such as F. virginiana glauca can significantly improve the nutritional quality of the commercial strawberry. In fact, we selected new positive transgressive segregants, identified as those offspring whose 2-year mean exceeded the higher parental mean, having improved both quality attributes and nutritional attributes. This new material can really open new perspectives in breeding strawberries for the achievement of new commercial varieties with improved nutritional quality.
The rootstock effects on fruit quality and nutrition
The effect of the rootstock, which is an important agronomic tool for controlling fruit production and quality and is capable of changing a fruit's nutritional components, was also studied to explore the possibility of increasing the low antioxidant capacity of both apricots and peaches 11, 14 . Human consumption of strawberries is often limited and usually linked to a very short period of product availability, whereas apricots and peaches represent the main fruit intake during late spring and summer, representing at the same time, a major part of the standard dietary intake during a longer period of the year. Due to their features and seasonal consumption, these fruits have specific important nutritional roles such as a reservoir of minerals and water; however, they may also provide valuable levels of antioxidants. The effects induced by the rootstocks on controlling plant development and production are well known, but no data are available on the effects induced on fruit quality. The evidence obtained may suggest a clear effect of the rootstock type in determining, at constant growing conditions, nutritional variations of the same varieties of peaches and apricots. For both species, the fruit with the highest TAC was harvested from two of the currently most commonly grown rootstocks: Myrabolan 29C for apricots and GF677 for peaches. Usually, these two rootstocks graft, with a high affinity to different varieties of the two species, have a wide adaptability to different conditions and sustain the highest plant vigour (larger root and canopy development). Fig. 3 Nutritional vs. commercial attributes in strawberry offspring (breeding progress). Nutritional characters are indicated as total antioxidant capacity (expressed in mmoles TroloxEq/g fresh weight) and commercial features by means of the SS (8Brix)/TA ratio, i.e. the ratio between the soluble solid content (expressed in 8Brix) and the total acidity (expressed in mEq of NaOH per 100 g of fruit) Fig. 2 Correlation between total antioxidant capacity (expressed in mmoles TroloxEq/g fresh weight) and total phenols (expressed as mg gallic acid equivalent/g fresh weight) of strawberry cultivars and selection. The Pearson's correlation coefficient resulted to be 0.57 with a P , 0.001
Conclusions
Breeding and also biotechnological approaches are being used to increase the content of specific bioactive components of plants, but the manipulation of plant metabolism is still not that easy to address. There is an increasing awareness that multiple genetic and environmental factors affect production and accumulation of bioactive compounds, but these factors are rarely taken into account when fruit is marketed. It is possible to produce new varieties with improved nutritional values combined with high plant production efficiency and fruit quality.
Total antioxidant capacity and total phenol content values in the fruits indicate that it is possible both to select varieties with specific nutritional (antioxidant) features and that such features could be improved through generations in order to release fruits with valuable characteristics for consumers and which may be useful in assessing healthy (antioxidant-enriched) diets.
Moreover, the availability of different kinds of high quality and tasty fruit, during different seasonal periods along the year, possibly at competitive costs, may represent a useful tool for patients as well as the healthy population for planning diets containing these products; the specific enrichment of these fruit with 'bioactive substance' may also allow, in some specific cases, to reduce suggesting servings of fruits since the total recommended amount of these substances could be taken even with lower levels of fruit consumption.
